. Microstructural and crystallographic information of Al-xFe (x = 1-10 at.%) films. Figure S2 . XRD pole figure measurements of the Al-xFe (x = 1-10 at.%) films. Figure S3 . Microstructure of at.% Fe. Figure S4 . The Hall-Petch plot for the Al-Fe specimens and the selected ufg and nc monolithic Al and Al-xFe alloys processed via different techniques and hardness vs. solute atom concentration of various sputtered Al alloys with selective solutes. Figure S5 . Methodology to estimate the true stress-strain curves of the deformation volume of nt Al-xFe alloys. Figure S6 . Ex situ pillar compression results of monolithic Al and Al-xFe (x = 2.5 and 5.9 at.%) specimens. Figure S7 . Demonstration of fabrication of 20 µm thick Al-6 at.% Fe coating on Si wafer and in situ compressions on 3 µm micropillars of Al-6 at.% Fe specimens. Figure S8 . Atomistic structures for calculations of bulk stacking fault energies (SFEs), SFEs of Al as a function of in-plane atomic percentage of Fe, atomistic configurations to calculate the SFEs of surface atomic clusters, schematic representation of the paths of the surface trimer and septmer for the calculation of their SFEs and excess energy per surface atom vs. reaction coordinate curves for various types of surface atomic clusters for Al-3.1at% Fe. Figure S9 . MD simulations: 9R stability in monolithic nt Al and Al-5%Fe at room temperature and calculated compressive stress vs. strain curves of pure Al and Al-5%Fe. Figure S10 . Super X EDS and STEM of the Al-2.5%Fe (cross-sectional STEM) and postmortem TEM micrographs of deformed Al-2.5 at.% Fe. Table S1 . Summary of columnar grain size, hardness and modulus of the pure Al and Al-Fe alloys. Compositions are all in atomic percentage. Table S2 . Details of atomistic models shown in Figure S8 . Movie S1. In situ compression of pure Al. Movie S2. In situ compression of Al-2.5at.% Fe. Movie S3. In situ compression of Al-5.9at.% Fe.
Movie S4. 3D MD simulation of 9R recovery in pure nt Al at ambient condition. Movie S5. 3D MD simulation of 9R stability in nt Al-5 at.% Fe at ambient condition. Movie S6. 3D MD simulation of uniaxial compression of nt Al-5 at.% Fe. Movie S7. 2D MD simulation of uniaxial compression of Al-5 at.% Fe.
Density function theory (DFT) calculations

Validation of Pseudo potentials
Density function theory calculations were carried out using open source Quantum-ESPRESSO code. [1] Generalized gradient approximation (GGA) for exchange correlation functional with Perdew-Becke-Erzenhof (PBE) parameterization were employed in the calculations. [2] Interaction between valence electrons and ionic cores is treated with projector augmented wave (PAW) method. The pseudopotential files are obtained from the standard solid state pseudopotentials (SSSP) project, which selects and recommends pseudopotentials with reasonably good efficiency and accuracy towards basic physical properties including formation energy of solid and equation of state. [3] The numbers of valence electrons in the pseudo potentials Such properties, calculated using the pseudopotentials are reported and compared to experimental values in Table S2 . At ground state, Al has an FCC structure, while Fe has BCC structure. The lattice parameter and the cohesive energy of FCC Al was found to be 4.040 Å and 3.23 eV, in good agreement with experimentally measured values of 4.046 Å and 3.39 eV. [4] The properties of BCC Fe were found to be 2.816 Å and 4.71 eV, which agree reasonably well with experimental values of 2.855 Å and 4.28 eV. [5] In addition, the results from our calculations fall well within the range of other DFT calculations.
Bulk stacking fault energies (SFEs)
We have examined the bulk SFEs on (111) The details of the models are summarized in Table S2 .
The calculated stacking fault energy vs. in-plane atomic percentage of Fe is plotted in Figure S8b . For pure Al, the stacking fault energy is 128 mJ/m 2 , in good agreement with the experimental values of 120-144 mJ/m 2 . [4] This validation proves that 8 monoatomic layers are sufficient to reproduce the bulk stacking fault energy. The stacking fault energy increases with increasing Fe content. When Fe is at the in-plane atomic percentage of 25%, the stacking fault energy is as high as 178 mJ/m 2 . Also, the increase in stacking fault energy is non-linear, the rate of increase also increases with higher Fe content. It is suspected that the interaction between neighboring Fe atoms may play an important role in the rapid increase in stacking fault energy.
Indeed, when the in-plane atomic percentage of Fe is 25%, the Fe atoms are merely separated by one layer of Al atoms.
Generalized stacking fault energies (SFEs) of surface atomic clusters
The SFEs of surface atomic clusters are calculated using surface trimer and septmer (pure and impure Al in Figure S8c The obtained excess energy per surface atom curves are shown in Figure S8e . The horizontal axis is the reaction coordinate, which corresponds to the position of the surface atomic cluster from its perfect FCC stacking. Therefore, at Coordinate 6, the cluster is at its metastable stacking fault configuration. It is evident from Figure S8 (comparing the black and blue curves) that the Trimers have to overcome higher energy barriers (by 0.012 eV on average) when they migrate from the perfect FCC configuration to a stacking fault configuration (or vice versa). The addition of Fe impurity also significantly increases the energy barrier (by 0.039 eV on average)
for the surface migration of the clusters.
Nanoindentation methods
Partial loading & unloading indentation experiments were performed using Hysitron TI950.
For each experiment, 20 cycles that consist of loading-holding-unloading segments were conducted. For a single cycle, 0.5 s, 1 s and 0.5 s was set for loading, holding and unloading, respectively. Different maximum loads were applied for different specimens to ensure the maximum contact depth is ~ 15% of the total film thickness. At least 10 indentation experiments were carried out for each sample and more than one hundred hardness or modulus data in plateau regions were collected. 20 indents with contact depth of ~ 150 nm were conducted using Fisherscope 2000XYp on each sample to recheck the hardness values.
Stress-strain calculations for deformation volume
FIB polishing normal to the pillar axial direction caused tapering of the pillars, the taper angle of which was measured to be 2.8 ± 0.6˚ on average. To determine the engineering stressstrain curves from the compressions, the cross section at half height was used as the representative area. As such, engineering stress calculated in this study represents a lower bound stress experienced by pillars. The influence of elastic deformation of the Si substrate and the diamond tip on the measurement of strain was estimated by considering the pressed elastic halfspace derived by Sneddon. The valid displacement in this study is defined as:
where umea, F are the measured displacement and force, respectively. dit, db represent the top and bottom diameter of pillars. Edia and dia denote the elastic modulus and Poisson ratio of the diamond flat punch, taken to be 1140 GPa and 0.07, respectively. Likewise, The ESi and Si denote the elastic modulus and Poisson ratio of the Si (111) substrates, and are 189 GPa and 0.26, respectively. [6] The specific deformation structure indicates that the formula of the homogeneous deformation model to convert the true stress, i.e. = ( 
Please note that the onset of plasticity of true stress-strain curves used to predict the plasticity of the deformed volume represent the upper bound of the yield strength as a result of . In Figure S4a , ultrafine-grained (ufg) and nanocrystalline (nc) monolithic Al [7] and Al-Fe alloys [8] at.%) specimens. SEM micrographs of pillars before and after compressions. A remarkable dislocation burst phenomenon were captured on the stress-strain curves of the pure Al. The methodology developed in comprehending the in situ compression results was applied to the ex situ compression results. The top diameter of the grain is considered linearly proportional to the increase in strain and the deformation volume spreading speed in the pillar axial direction at a given strain rate at certain Al-Fe composition is assumed to be constant. Table S2 . Details of atomistic models shown in Figure S8 . 
